CONTEXT AND OBJECTIVE: Hemoglobinopathies are among the commonest and most widespread genetic disorders worldwide. Their prevalence varies according to ethnic composition and/or geographical region. The aim of this study was to investigate the presence of hemoglobinopathies and their association with ethnicity among 1,004 newborns, to confirm the guideline of the Brazilian National Neonatal Screening Program. DESIGN AND SETTING: Cross-sectional study conducted in a public referral hospital in the Triângulo Mineiro region, Minas Gerais, Brazil. METHODS: Qualitative assessment of hemoglobin was performed through electrophoresis on cellulose acetate: at alkaline pH to identify the hemoglobin (Hb) profile and at acid pH to differentiate Hb S from Hb D and Hb C from Hb E and others that migrate to similar positions at alkaline pH. Neutral pH was used to detect Hb Bart's identified in alpha thalassemia (α-thal). The elution method after electrophoresis was used to quantitatively assess hemoglobins. RESULTS: There was predominance of α-thal, with 105 cases (10.46%), followed by Hb S with 61 cases (6.08%, comprising 46 Hb AS, 2 Hb SS and 13 Hb S/α-thal), 9 cases (0.9%) of Hb AC and 6 cases (0.6%) suggestive of beta thalassemia (β-thal). The frequency of hemoglobinopathies was significantly higher among Afro-descendants. CONCLUSIONS: These findings corroborated of the National Neonatal Screening Program for diagnosing sickle cell disease and Hb C, Hb D, Hb E and β-thal hemoglobinopathies.
INTRODUCTION
Hemoglobinopathies are among the commonest genetic disorders throughout the world. They include a complex group of inherited forms of anemia that are correlated with significant morbidity, and manifest at different levels of severity from barely perceptible to lethal. They are caused by mutations that affect genes that coordinate the synthesis of the globin chains of hemoglobin (Hb), thereby resulting in absence or reduced synthesis (thalassemia and hereditary persistence of fetal hemoglobin) or structural changes (sickle cell disease, Hb C, Hb D and Hb E, among others). 1, 2 Sickle cell disease and thalassemia are among the commonest hemoglobinopathies. These diseases may occur in isolation or together and cause a wide range of disorders of varying severity. There are five main categories of disorders associated with severe phenotypes, for which diagnosis during pregnancy or soon after birth and genetic counseling is usually indicated. These include thalassemia major (co-inheritance of two mutations of the beta chain); sickle cell syndromes (Hb S, Hb SS, Hb SC, Hb S/thalassemia, Hb SD, Hb SO Arab , Hb Lepore and Hb SE); Hb E/thalassemia (co-inheritance of mutations for thalassemia with Hb E); Hb H disease;
and Hb Bart's hydrops fetalis [homozygous for alpha thalassemia (α-thal) genotype --/--]. 1, 3 The prevalence of hemoglobinopathies varies according to the region and the ethnic composition of the population. In some countries in Europe, Africa and Asia, where there is high incidence of hemoglobinopathies, it is a public health concern, considering that thousands of children are born with these genetic disorders annually. About 50 to 80% of children with sickle cell disease and 50,000 to 100,000 children with beta thalassemia (β-thal) major die every year. [4] [5] [6] In Brazil, data on the "Guthrie test" from the National Newborn Screening Program, which was introduced in 2001, indicate frequencies of 0.03% for Hb SS, 3.7% for Hb AS, 0.02% for Hb SC, 0.0003% for Hb SD and 0.005% for Hb S/β-thal. The highest prevalence in Bahia, followed by Rio de Janeiro, Minas Gerais, Maranhão, Pernambuco and Goiás. 7 These data, similar to those published by the Research Center for Diagnostic Support in Minas Gerais, 8 show the limitations of high performance liquid chromatography (HPLC), the screening method currently used in this country, for identifying patients with one or two genes for α-thal and β-thal. This is due to the high proportion of Hb F (α 2 γ 2 ) at birth, which during the child's development will be substituted by Hb A (α 2 β 2 ) and A 2 (α 2 δ 2 ).
The screening focuses on diagnosing sickle cell diseases, Hb D, Hb E, β-thal (intermediate and major) and Hb H disease.
Therefore, the minor and asymptomatic forms, which are the most prevalent presentations of α-thal and β-thal, are not usually diagnosed.
With specific regard to thalassemia, some studies have indicated prevalence rates between 0.5% and 6.6% in the northern region of Brazil, 9 between 2.5% and 19.7% in the northeast, 10 between 0.7% and 6.6% in the central-western region, 11 between 0.7% and 9.48% in the southeast 12 and between 0.2% and 4.44% in the south. 13 Detection of carriers of these genetic changes is extremely important for public health, since all levels of the healthcare system are involved due to the high prevalence and the chronic nature of the resulting diseases, with wide-ranging clinical variations. 4 Data on the incidence and epidemiology of hemoglobinopathies have been published for several Brazilian regions.
However, apart from newborn screening and with the limitations already highlighted, no study has been conducted to report these figures in the Triângulo Mineiro region.
OBJECTIVE
This study aimed to investigate the prevalence of hemoglobinopathies in newborns, along with any associations with ethnicity, at a hospital in the southern region of the Triângulo Mineiro region, Minas Gerais, Brazil.
METHODS
This was a cross-sectional observational study using a quantitative approach, conducted among babies born in one public university hospital. The study was approved by the institution's
Research Ethics Committee (#1836/2010).
Among the 1,330 live births between September 2011 and January 2013, those for whom written consent was given were included in this study. Umbilical cord blood samples were collected in a tube containing 1.5 mg/ml of ethylenediamine tetraacetic acid (EDTA) and were sent to a laboratory for processing. Newborns with insufficient blood for testing were excluded and thus only 1,004 newborns were eligible for the study. Normal and Case Groups. The significance level was set at 5%.
The hemoglobinopathy incidence rate was calculated by dividing the total number of live births in the hospital by the number of newborns identified with a specific hemoglobinopathy over the course of the study period.
RESULTS
Out of the 1,004 samples analyzed, 50.1% were from females and 49.9% from males. The electrophoresis results were altered in 16.73% (n = 168) of the cases, i.e. abnormal hemoglobins were identified in one in every six newborns (1:6).
The most frequent hemoglobinopathy was α-thal (n = 105),
i.e. one newborn in every 9.6 live births (1:9.6), and 13 of these cases were associated with Hb S (1:77.2). Sixty-one of the newborns were positive for Hb S (1:16.5); 46 were heterozygous (1:21.8), 13 (1:77.2) were associated with α-thal and two were homozygous (1:502). Additionally, nine newborns were heterozygous for Hb C (1:111.6) and six were suggestive of beta thalassemia (1:167.3) ( Table 1) .
There were no significant differences in abnormal hemoglobins with regard to gender or the place of origin of the newborns.
However, a significantly higher proportion of Afro-descendants (16.94%) had abnormal hemoglobins (P < 0.0001) ( Table 2) .
DISCUSSION
In total, around 1,160 abnormal hemoglobin values and around 300 different types of thalassemia have been described. 2, 17 The process of miscegenation of the Brazilian population resulting from migration is reflected in regional characteristics and is considered to be the main factor in the distribution of abnormal genes in globin chains characteristic of the sickle cell and thalassemia syndromes. The rate of occurrence of these disorders in the Brazilian population as a whole, excluding asymptomatic carriers of α-thal, is estimated to be around 4%. 7, 18 As already mentioned, the Brazilian neonatal screening program (which currently uses high-resolution liquid chromatography, HPLC) fails to identify patients with one or two abnormal genes relating to α-thal and individuals with β-thal minor due to high Hb F concentrations. This certainly explains the observed low rates of hemoglobinopathies other than Hb S, Hb C, Hb D and Hb E, as presented in official reports and even in some studies. 7, 18, 19 The most common hemoglobinopathy in the region of Uberaba, similar to other studies conducted in Brazilian regions where there is a predominance of Afro-descendants, has been found to be α-thal (1:9.6). 10, 20, 21 This differs from the states of Rio Grande do Sul and Paraná, where there are fewer Afrodescendants. 13 It is known that the most common genotype of α-thal in the Brazilian population is the -α 3.7 deletion, which is directly related to the black population.
The results from a pilot study that investigated the genotypes of 353 newborns in the same institution showed that the incidence of α-thal was 10.2%, and that 94.44% (34/36) of the diagnosed cases had the -α 3.7 deletion and 5.56% had the -α 4.2 deletion.
Furthermore, apart from the -α 3.7 deletion, the great majority (93.5%) of the newborns with abnormal hemoglobins were Afro-descendants, which could explain the high prevalence of the α-thal found, thereby highlighting the strong influence of this ethnicity on the composition of the population of this region.
An earlier study conducted in Uberaba among patients in the same hospital reported much lower rates of hemoglobinopathies than in the present study, especially in relation to α-thal (0.2%).
This large difference can be explained by the technique that was used (electrophoresis only at alkaline pH), given that the focus of the article was Hb S disease. centuries, who settled mainly in the south and southeast of the country. 16 In this study, the prevalence of β-thal (0.60%) was similar to what had previously been found in other investigations in Brazil (from 0.38% to 1%). 25, 26 However, it was lower than the rate reported by Aigner et al. 23 (5.50%) in a study carried out in Paraná, where there is a high proportion of Italian descendants.
In relation to α-thal, research using random samples from neonatal screening in the state of Minas Gerais has shown that 30% of newborns with sickle cell anemia also inherited the α-thal gene. 27 This result is similar to those found in the states of São Paulo (23.7%), 28 Bahia (29.1%) and Pernambuco (25.6%). 10, 29 In the current study, 21.31% of the patients with Hb S also inherited the α-thal gene and therefore the frequency of α-thal in the Brazilian population is relatively high, with even higher prevalence among Afro-descendants. 20, 24, 27 Hb S is considered to be the most prevalent hereditary redblood cell disorder in the world. It causes severe consequences including major hematological changes. This hemoglobin variant manifests in the heterozygous form (Hb AS, sickle cell trait), in the homozygous form (Hb SS, sickle cell anemia) or in combination with other hemoglobinopathies (sickle cell disease). 7, 14 In Brazil, around one in every thousand newborns is born with sickle cell disease and about 200,000 with the sickle trait, every year. 7 Among all the newborns with sickle cell disease, around 25% do not reach the age of five if they are not diagnosed early and treated appropriately. 16, 18 The frequency of Hb S observed in this study was 5.87%.
Frequencies of the Hb S gene of 4.35% and 5.88% have been reported among newborns in the states of Minas Gerais and Bahia. 7, 18 This is certainly related to the high prevalence of blacks in the composition of the population in the region of the present study, where only 7.5% of the mothers did not report black ancestry within their previous two generations.
Two cases of sickle cell anemia (Hb SS) were identified in this study, giving an prevalence of 1:502 newborns. In Bahia, the frequency of the SS genotype was 1:650. These frequencies vary widely according to the degree of racial admixture in the different regions of Brazil. 10 Since the data from the municipal Health Department of Uberaba show that the prevalence of sickle cell disease in the region in 2012 was 1:1166, the high rate observed in the current study may be due to the small sample size and also to the fact that one of the infants with Hb SS was from a neighboring town (Delta). This child's parents were from northeastern Brazil, and were Afro-descendants who had migrated to work in the sugar cane plantations of the region. Similar to Hb S, Hb C is characteristic of blacks: in Africa, the frequencies range from 5 to 25%, depending on the region. In the present study, the prevalence of Hb C (0.9%) was similar to that found in other Brazilian studies, thus reinforcing the influence of African people on the formation of the local population. 6, 10, 23, 30 Although no significant differences were found between the three groups separately, comparison of the prevalence of hemoglobinopathies among whites of European ancestry with the prevalence among Afro-descendants showed a highly significant difference (P < 0.0001). This again reinforces the importance of the ethnic composition of the population of this region. 18, 22, 27, 30 Hemoglobinopathies are diagnosed through identifying abnormal hemoglobins in the laboratory. Unlike other hemoglobins, Hb A 2 needs to be measured using analytical methods that provide greater precision, given that the diagnosis of β-thal minor depends on these values. Individuals with β-thal minor have levels that, on average, are 1-2% above the reference values for Hb A 2 . 24 In accordance with the Brazilian Ministry of Health Protocol, all newborns diagnosed with structural hemoglobinopathies and thalassemia by means of screening tests should be reassessed after reaching six months of age, using tests to confirm the result.
However, many infants are not brought back for the tests to be repeated for diagnostic confirmation, and active searches are not always successful. 7 Moreover, the diagnostic difficulties in the post-neonatal period are well known, especially those relating to the most prevalent forms of α-thal, with deletions of only one or two genes. This is due to the absence of clinical manifestations and the mild laboratory abnormalities, 3, 4 or due to diagnostic failures mainly because of technical ineptitude and low concentrations of Hb H, as is the case of the interaction of α-thal and β-thal. 24 However, in this study, similar to others, 10, 20, 27, 30 cases suggestive of α-thal were more common than were cases of heterozygous Hb S, which is a characteristic of Afro-descendants, hence demonstrating the efficiency of the methods used here.
The prevalence of hemoglobinopathies observed in this study (16.73%) is consistent with what has been reported worldwide, and with findings from other regions of Brazil, like in the southeast and northeast (between 6.84% and 18.98%). 13, 20, 24 However, in other
Brazilian studies, frequencies of hemoglobinopathies of between 0.98% and 3.54% were found. 19, 25, 31 The possible explanations for this great variability in the frequency of hemoglobinopathies are the wide ethnic diversity of the populations studied and the different diagnostic methodologies used. 3, 7, 10, 20, 32 Application of more than one method in the initial screening enhances the specificity and proves to be useful for detecting patients with hemoglobinopathies. The screening methods are easy to perform, inexpensive and reproducible in routine practice in laboratories. However, application of these tests separately is unreliable and not recommended for the majority of hemoglobinopathies, which highlights the need to use complementary molecular techniques, especially for α-thal in cases of association with other hemoglobinopathies. 5, 12, 16, 24, 26 
CONCLUSION
In summary, this study shows that the frequency of hemoglobinopathies was 16.73%, and that α-thal was the most frequent of these (10.46%). We also observed that the Afro-descendant newborns had a higher proportion of abnormal hemoglobin (16.94%, P < 0.0001). Hemoglobinopathies are a public health problem in Brazil, and these findings are corroborated by data from the National Neonatal Screening Program for diagnosing sickle cell disease and Hb C, Hb D, Hb E and β-thal hemoglobinopathies.
